Abstract: The cyclization reactions of 2,3-allenoic acids or their salts with optically active bases affording butenolides are discussed. Two reaction pathways were observed: (1) intermolecular carbometallation-intramolecular allylation; (2) cyclic oxymetallation-reductive elimination. High efficiency of chirality transfer was realized with the latter case.
2,3-Allenoic acids are a class of interesting compounds with substituent-loading capability, chirality, and acidity; thus, they may be potential starting materials for the diverse synthesis of optically active molecules, providing that a high efficiency of chirality transfer can be realized. For the cyclizative coupling of 2,3-allenoic acids, there are, in principle, two pathways: (1) the intermolecular regioselective carbometallation [1] of the allene moiety forming π-allyl metal intermediates followed by intramolecular allylation and (2) oxymetallation followed by reductive elimination (Scheme 1).
Pd-CATALYZED COUPLING OF 2,3-ALLENOIC ACIDS WITH ORGANIC HALIDES
Pd(0)/Ag + -cocatalyzed coupling-cyclization of aryl or 1-alkenyl halides and 2,3-allenoic acids forming β-aryl or -(1-alkenyl)butenolides were developed [2] . Here, the addition of a catalytic amount of Ag 
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Based on these results, we have succeeded in developing a solid-phase synthesis of butenolides [4] . Due to the relative stability of the C-O bond of the lactone ring as compared to that in the polymeric linkage, three protocols were developed for the selective removal of the polymer chain [5] : (1) The carboxyl linkage was cleaved with AlCl 3 . (2) The ether linkage was cleaved with a combination of ZnBr 2 and CH 3 COBr. With the benzylic ether linkage, the final product can be a butenolide with a benzylic bromide moiety, which is suitable for further elaboration. (3) The THP linkage was cleaved with TFA and MeOH.
It is interesting to observed that the results of Pd(0)-catalyzed reaction of Sa-(+)-2-methyl-4-phenyl-2,3-butadienoic acid Sa-(+)-5 with PhI were rather disappointing with a highest ee of 60 % (Scheme 4) [6] . The chirality may be lost in the formation of the π-allyl palladium intermediate by the carbopalladation reaction (Scheme 1, Path 1).
